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(54) SEMICONDUCTOR DEVICE AND ITS MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a highly 
integrated semiconductor device by which a lower 
electrode can be microminiaturized, which has not 
been attained in the prior art, and low voltage 
operation and high reliability can be attained. 
SOLUTION: In the semiconductor device having a 
dielectric capacitor comprising a diffusion layer 3 
formed on a silicon board 1, an interlayer insulation 
film 4 coating the surface of the silicon board 1 and 
flattening the surface, and a lower electrode 10 
connected to the diffusion layer 3 through an 
embedded conductive layer comprising a contact 
plug 5, a low resistant layer 6, a barrier metal layer 
7 comprising tantalum silicon nitride, and a 
ferroelectric substance film 1 1 formed thereon and 
an upper electrode 12, the electrode 10 is made a 
structure having side wall slope shape monotonously increasing the cross section 
from the embedded conductive layer side to the direction of the upper dielectric film. 
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«rE*3W*ats*Bit*«Lrfey. ao. ^ommtf 
tfrEBffllft«Rf=MPS*if=3>*$ h*— jurti-SR 

fc. *©Jbir^/£$:KfcB§attBfc«fctf±fflmaA^&j£ 

i«et»««36*. «nea»i&»*miifliJ:vmB±m 
ii*Mh7>vx$t. mjE&ay- hBaaa* 

[i**«3] «rET6csa<offla£»a-rsm2©*e 

BR*BL. WE*2©l6«ai©aH*<¥ffi<b**i-C. 
Ao, sa®^TWETfiPB«©Sl®i:ISJ-S$dcL-Cfc 
y. '>*< £*lfflETffl««±a£ffi£a5<fc3[::»fifc 
StifctfrEBBttBi:, *©±«IH::ERS;Kfc1KrE±ffl! 
ma££*L.T/£-S>ci: -5. R*B1 *fctt 

2 i=Eaa>¥a{*aa. 

t«*«4] S&E-t^/S'JTSA*. *>*rt,->U=i> 
K3^6rt*=:A:*1*«fr*. Iff**! . 2 
*fc(* 3 lzE«<0*«»:Sa. 
[Iff** 5] ttBBRttRft&RBitH'fr&JftftCJ: 
tt**1. 2, 3*fc(*4f=ER©¥B 

Ml. 

[1***6] ¥«»;S«±MM^Mt| 1 xg 
WMt»«t4iSt. ttEMmiUtn(=. BEtttt 
•S"? h^-;urtlr s T^^ySWfc.fctf-b^UTlf 

**t?a»a#siajiSttR»«-*-«xai:. bebm 



EB2©a»ffi£BA^ifflES*&*BBB:&A£|6lA^ 
*— «TEIS2ro^aKl=®fi8-r-5xai:. flJEsfs 

2©ieaK. ffirEBBn«a»Kfc<fc«ffiEa«)^3isB 

±lcTBBa»J*J8Ba«:Blie£JBfifc-r-&xa±:» hie 

TBWBti&!&mmm*mm%. mER2©aaiRaBft< 

mthL. Ao. -e©*ffiA<l5ESR2©*ft«a*ffii:l^- 

Bdfcsj^icspinbL-c, Tansa -sxa 
<t. i»ETa5Bafc«fctffl(rEm2©*ftaiajtic. 

«WW*i«»lL. B*{*RA<1IMBT» 

aa«B*3E*i=«3 j=5i=. ffrE±suaa^B6fflj»a 

(*»Rl3«fcl/#*/<5'*Rmfl:B»fl«8RRtt:»R*/< 
f-->^LT. mE±Si5mafc«fctj:t!tE+ J s'/N°v^R 
BftB*JKB6-r-5xai:$#trwi:$1f«i:-r-5, S* 
* 1 KE«©¥Btt:gB©S;t*&o 

[it** 7] **ft*a±i=. y- k can. y- h 
*afc«fctf-*t©tfc*B£**s»ay- i-shuum* 

bas ts tifenn«aiR«BR-*-«x8 1 - bebmbr 

II:. MEHay— KSa*S&*h5>i?X^©-73© 
fet*Bfcg|^r]>$-> h/t>— ;u$»fifc-r*XSi:, DtrE 

TB^^tatoa^-aaB^aRj^fifc-r-sxai:, hue 

BHf6»R*J«>:U:a«)5i^aiaB*^t;*aSi*Sa9Effi 

i=B2©aaR$Jta-r sxa*:. fiEaft^jiBi 
B®fc«fctf-?-©Bin«jA<Rtii-r.5<fc5i::. -t©w®a 

AV frESB 2 ©^aB^ffiA^ P>flEatf)Ji^j)fBB^|S] 
icfflA^-cmRlwJSiJ*-*- -*-©BSA<**ffiff£#©=i > 

mEB2©a«ar=?KSc-r?>xai:, 
tE$2<o«tii, itrEBnsiffe»afc«tt;iiiEatf)ii^ 

fc. BET»«asBR*R{*an$. BER2©aa 

ItIA<SffiL, Ao. *-©BfflA<lftEB2©fe»BB 

sut. «iETSuaai3«fcu:i!ijES»2©f6aaJtic. 

**/<i/*RRi*R»jaBRS<*BRfc«fct*±SBBa»J 

fiJtfflas»»K*a*aBL. Ratta^R 

ET»«a«B*«±l=«d*3l=, BE±«*aBB 

->^lt. ifrE±BBafcJ:t*«rE*-w< 
•>^RB(*a*»*-r«xat sttct &&®.t-f 

*. if ** 2 lcER©¥a{*ttB©S£5&. 

[if** si »jEatf)ii^aaB*Bfcj:u:-t©Bia 
a5±rofiEm2©*g^ro^$. -y n«/f>y 
Rl = <k y fr 5 C i: t "T -5 . IS ** 6 *fc 14 7 icE 

[lf**9] ttGTMSMfflilWCIIIt. BE 
B2a>t&RDtaBfttSttl,. A^O. -(©BBfltffFEB-2 
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[000 1 ] 

[*wo)K-r*a«»H] *»ai*. «ttfcsttfc«« 
«**a>-e*y. *r=. »B«»*^/<i/*s*-r4* 

[0 0 0 2] 

Pb (Zr, Ti) 03 (PZT) ft if 

J6a>BB*fc«fctf±»«a. BRVttBL T»«a*6ft 

So &Rw***/^>*<&±a$«ai:Mos h 

iftLTUfc^ x*^^ffiy^u-b;u«jft-c5r*. &R 
ttWSi * it 4 z 1 1? * =e y -b JH90ffi/hj0o r iv 

IBI=»fc^*> (T i N) ft >J7>*;H1*»A 
axS<DJlM«6»BlxS-V>lBttxa7?a)PpHH»±S 

@<tftoTL^a 0 -basma. sn§t*ifc<ktf 

T»«a«««x >v ^ >^ LTflM***tt*0>aR«(* 

■v*>y#HR-e. *<Daa*<#ttrcft«&*ft«» 
(f-/^S4 0gif) £sF-*-fctf>, «$8<b-f£±T: 

-rssit**«i(D3*R«#4r-v/^->^ ^a>m*»r= * 

[0 0 0 3] ca>J:5ftnR«R» a r«feAlc % -ttnsp 
9- 1 6 2 3 6 9^ y AWzj^l^X. ID 1 BlZTjztSil^^ 
5ft>*y-b;U«jSA<a3fi*tLTl^5. Ell 6lcjSl^ 

<v-x % KU-f» . 4 i*fg 1 OBH*6«ffi. 201 

202liTiN^7^ 8I*m2(D^r B 1lfe 

an. 9[iTajma. 1 ii*?*r«{*k. 1 2ii±^m 
a. 1 4ii«3a>nmttftn. i siit*^ h»* 1 ei* 

[0004] ±E^«lcBB^**t4»ii-e.Ii. =3 

h^^fCT i 201fcJ:U:TiN20 2£ CVDj£fZ 
*y»*LT««)5iA/'C»R«(**^/<->*a>SJ6«3« 



±\z&& % ±§pmai 2-T§pma9rBi<D^$s^teJhL 

[0 0 0 5] 

a^*DXfcii % a*a>x^^>^a*ffltvxi^/c 
Ht^wcfcy, Hft«««fc*a»Lfciid. *#ft 

i N$ffiffiLTl*4fc«>* 6 5 0°C*I£<7>;£jg£T?L^ 

wi^tt^^LftiNo totz&b, pzT<ttfcs&L-c. em 

Eiff **«tttt* «t ^aWftttft-Cft S S r B i 
2Ta209 (SBT) |C«« L* 

7 £i§£\ -t<D»BRfflKli— »M^7 OO°CJ5i±0> 

[0 0 0 6] *36Wi. ^*t€>0)B3HjiSlctt^rftS*L 

t=*a>7»a&y, «t*a)aweii*L»ftA^ofcTap«a 

[0007] 

*sn*»«*ffi**«LTfey. 

<b * fefc jfMttWR fc . me«mtt«nrcBH a s tit 

■(=««**ifcT»«afc* ^0>±lz^rt**tfcR«(* 

«fc«fct;±»«a**&*4R«{***/<*>* t^it 
dc^^fteaicfc^r, *nBT«u«a3S»<. miBa^a 
^«*ii«j:y«rE-b*R**R%nrcn^or. 

[0 0 0 8] *fc. -*jbr «2^) o^afta* 
afe*tf-»0!>ttllkRt*-r*«Ry— hill^M h 

j3 € fctf*aK*attt<D«ffis*a[LTj3y. *^ ^-o>* 
*tfeii;±*/<yTR**t;a«)^»«ji*^L-c. 

&J:tf±raa^&JA«R*(*^^/<S/»£:«*LTJS 

* y * y 4zju&*-r«4&**RRic&i*T. toet» 
ma*<. freaa&^*wiaj:yttE±*R*{*n« 
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[0009] titz. (I3i^) a>¥«#tt1B 

r. «rET««aa)«j»«tta"r*«2 0)it6»K** 
u «jE*2(oj6«a<Da®A<¥a^*4x-c. ^o. n 
«ii3W»ET»*aa>*aifcB--iB**L"CJ3y, 

[0 0 10] *fc. *#§b;j (B4JBH) (D¥3H*gfi 
[0 0 1 1] ^f". *^0J (Qi|i«ftgt 

I*. «rE«i7irSff4«na)^«tt«*icj3t\r« *tb 

[0 0 12] *fc* *#gE£ (me^BJ) <7>*»ft:8«(Z) 

«*aMw*xafc, wssraffi»Ki^ miasmm^ 

ci*MfM$iR»*t4xii:. ffrenntttK 
*e«a£Jta-r*xst. ffiEafe2t*«*B&B&£ 

;USs «TE*2(D*6«IBIlc^fiR-r4xai: % U?Jfam2<7) 

ihmil nEnn«iK0M3J:tfimEatf)^«*a±(c 
T»«a»*ffl«wn*aMii*»a-r*xafc, iwet» 
*afl*Afi)«*{*atn£* flftEffi2 0&aHSB*<Ra; 

L. fro. ^(DaffiA<mEK2a)<6«l»a®tH— ffilc 

«:**3icTOftLr. T»«a*»«-r*xat. IN 

ETffl«aj3«fctfffiE*2<Dlft«Ji±lC. **/5*>£R 

ffi*«*(ca5«fc5i=. «(rE±0*a»affl«ftit:ain 

>*LT\ TOE±««afc«fctf*nE**/^>*R«{*BI 

* »af z> ii t £^ t; c t & &m t -r & * <d -c & <& . 

[0 0 13] *fc. (D^^{*^M<D 

a*5«ktf-»(DJ4*n**-r*ift«y- ki^m k 

tt$ttf=am«aB£»A-r«xa&* mE)srai«B«Bt 
re, mE«ay-ha**»jRh7>^^»a)-#a)tt 



«2(DttaM*Jta-r*xat. ieiA^^us 

ffi33«fc«-t(DH5a»A<Rai-r4cfe5lc. *-<dkbb*^ 
mES2<0tg»KS®A^«lEa^^3IBB*lSl(cifi] 

§S2<Dtt«K. frBBnB*n&*tfttEatt&*** 

■±i:TOTMAffl*mmit»«tt «x| & . m 

BT**aBjMi**{*itifte« «rEft2o«aKss 
tfnaiu *aaa*<mBS2<Dfe*naa£B 

fcs ffiETffl«afc<fetf«JE«2 0)|ftaK_tlc. 

«<*bb€b*bbu *v/<s/*Ra«B3WttET» 
«a«a*s±ir«5*3i=. «B±««afl*jftfii«a 

**Bfe*tf*^/<i/*R«(*«»*fflR««:»DIS/^ 
^-->^Lt, WB±»«afiJ:tf1ttB#-W<2/*R 

«(*DI*»«-r*xatt#t?cfc*i»«t-r*t,a>-c 

<fc£>o 

[0 0 14] MIC. #&0J] (18^) a>^«»ttBa> 
»5t*a(*. 1WE*6*qH*fcI*«7*Wa)*3H*SS« 

o>«a*afzj3i\r. mEa«^««aavj3<»:tf« 
o>nsiv±a)BBB2(DBflna)Mi£«. "jivn^ 

[0 0 15] SIC. *S§B£ (|g9S£B^) (D^SftStO) 

«JE!S6*M7bS*8 9B^<0*3H*3S«a) 

aa»aic*j^-c. BBTtf«B&j£fii*«{**n£* 
WE«2 0)f6a«affi*<BajL. *©*ejwwe 

*2(D<ftaa*ffi^:|§|-®|c**J:3l- 3 FaftLT. T 
[0 0 1 6] 

[^B^oUfficOff^®] JUT. **W0)l61fia>^ffifc«^ 
[0 0 1 7] 01 f±. *«MCD-j|Jf5^ffiCD*3H*E« 

[O 0 1 8] Bl^ttl^T. 1 l*v»J=i>3kE. 2I*tKU 

» . 4 a >*&j«*mi a)iira*fe»ffi. s 

/HI. 8ttlft*>';a^6j24ltlUI, lOli-f'JS? 
^i**^fit*Tffl«a. 1 1liSBT^P,ft4aRt» 
0. 12tt-f'Jv^P»«4±»ta, 1 3l*K<b^ 
^>^b^ffiS/\'U7l, 14I4NSG (y > K— ^ 
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[0019] *mMMm<D*&mm&m.izn\+z>m'i 

ft}-f fliJfittSJ&tt («y*«. 5HM4*§tt*<Dfl* 
*) **Ltl>Sitf»S. OCDfflg 

tf^filbStLT* fro. |^Sffij&<Tffl«I 1 0<D&ftt 

[0020] *fc % a^amMMtti. fltianniMt 

H4(:MJW3>h^ h*-;i,rt<DS±ffllciIto& 

[0021] jfci::. BtjfB^^a^<D||Jfe^^(D^^<*lBm 
[0022] «£*(&a«ic«fc y . v'J=i>3£fii 

±|CtKU v U =1 >^r- hmS 2 fc cfc tf Sttklt 3 £*rT& 
itfltfo. 6 u™<dz\^$? h/h— ;i/SMtl)o 

a. wttwc*y#y i/'ja>*i:u>s K-t°>y-r 

6o <b3*M««WWS (Chemical Me 

chanical Pol i sh i ng : CMP) feiZ 

*y#y->ya>tWBL. *i <DiiiynB«R4±<o?K 

Jdc-f 5 (H2) 0 

/^^£*t5 (0 3) o :<DBOi^f^«^ftttli* 
U v'J n >CDxy*U— hrt*BMb v'J =3 >8ilz>tf LT 1 
0&±<D;i^it£WLT^;fxl;££l^ # U v U =3 >CDX 
y*/*';/$«(48 0-1 0 OnmWfLl\ X^*/< 

? * £ . *$ >*lm*/< y r > $ )\s*mft 
/ < y r / * ;u*<«i«&ir & aw e afli-c e «: < ft o -c l 

[0024] f^>fDC7WhP>X/^«^ 
aiCfcy 2 0 nmJtat^>o «LaS*Dj»7'-— ;U 

(Rapid Thermal Anneal :RT 

A) ftlcfcy. **>£vy:a>££j£*-e:T\ 
£(DRT A^#I4. ;^Jg*)<6 0 0-7 0 0°C-C. 3 0* 

^*>ti/ya>o>R(6*5i*r. ieic. « 



it. RTA*mv eXttlbfl'e 

(84) o CO^SCDRTAftttlt 0 0 

-9 0 0°Ct\ 1 0-20m SiRSHa+Tfff 5 0> 

«tS^b*<=F+»-e. aS(cK"r*4t. mos h7>vx 

^^B*L<ft^lB**4-^«^&-efc*. fife. CCD 
««taft B 6 14* * > v y *-f K (=1$ * *i & * 0 -e I* 

fro. 7 0 0 c CKlJ:a)iBI»ttS'*LTl^l4J: 
l>o 09*14. □/^KvU^K¥£ffiit-5Ct^ 

[0 0 2 5] JfefC SffittDCV^ hPVX/^'^jJ 
rCcfc U . ^$il/v'j3>t-f h7*f K (TaSiN) 
Hi 0 7 Affile 1 5 0nmS8tl) (0 5) 0 
[0 0 2 6] ftlC CMP^ICfcy. TaSiNllO 

7SiiL, ff1 <7>B|yH6«Bl4±(DT a S i Nl^ 
±IC|»*LT. /<yT^*;Hl7t»jaW"« (0 6) o 

TaSi NI4T i N < ^J±-<TStLfci^|^tt^*LTL^^ 

ci:*<aas**tri^ft 0 01 4(4. t a s i Ntr \ n 
ic»Lr»tttt*fFfflLfctt*t^ufctfl)-c*y. « 

OOnm) s T i N(46 0 0°C"ei/— h»tS0)±»*<H 

TaSi NOii^l47 0 0 o C^(7)^SIIZfcL^r^ V 
— h*Sta<7)±»l4»2 0%i:*3-rA^ft4o CCDfctf). 
TaSi NI4SBT0>ffiaaa (7 0 0°C) T?=t,i»^5 

AU7^ *iurcftyf»«. 

[0027] ^(D^XvcVD^I^y, ± 

®lCS[^bvya>BI1 0 8$2 5 0 nmtl« o ftfb 
v'J3>H 0 8 £ff£/£-f &;£>£(4. ±IB^X7CV 
Daiz(fi36a?tl^ti(D-er4ft< . iSlEC VD^^ffllN-C 

Ell 09^20nmltan (07) . 
[0028] 3fc|^ 7th'JV«7<m^l7 

5a»±a)iMb*>y=i>Bii 0 9*»*t5. /<yr^* 
7 fej:tf-ta>«2iffl±aj#^i»***tt=»^b^y 3 

1 5 0°C(Cf»-ar?>tLfcy >8Sffl^tl»4L, «I8 
*Mt4. ^/c. SHb£/y=J>36<Ht*S4ifc»»l4 
1. 3^mflTffcy. 'J>8i:c):4«)i7hiff^ 

-efc^>a)-e. S/y =1 >i4»***t-CL^t= 

*a>M»W4?«ic»rt**tr^«. ftfc. $g« 

«SttM4«y»«lz«:ort^*itf«J:l^ ^<7)^. 
Kibvy=»>l 0 9SHt*t4 (08) o 
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[0029] Tfflsai^fts-r u v^a 

DM 1 hP>X/^7^iilCT3 O O nm 

Ita-T-S (09) o -f'Jy^Ail 1 Oli. 

-5) o 

[0030] -fuvOAii 1 o£. t&mmetf 

ftLP>A^-Ilcft-5*i?CMPSSffl 
IvcWBU T$&mai 0 0)<Hfi*<ttltH8(CcfcoTtt 

a**t/=^«s^i3t-r* (hi o) . 

[0 0 3 1 ] aRV^n^: LTSBTI1 1 1 

£jfc/£u ±««afc&*-r u v^ah 1 2 

SDC7W ha>X/W£&l::T 1 O O nmfl^jjrt-* 
(HI 1) • SBTB1 1 10>»«*att. IMTIC^-T 
iiytfftSo Sr. T a. B i ■t+l-f tt05*J15c 

• S£JS£*T ofctL 7 0 0°C„ 3 o#<a$SiHt7'--;u 

Sjfta>7C*tbl*. Sr:Bi :Ta = 0. 8:2. 4: 
2. Ot Ltfey . *»M3SKB(*1 5 0 nmTrfe^o 
[0 03 2] ^(D&lC. 37* h 'J V^T^-f &fccfctf K 
7-fx*/*:/>fa*IBlvC. ±35mai 2£*-V/^>£ 

mtmcD-y-'CXit. i. 7 5jimftT?fcs 8 *^>j 

SRWtBtl 1 $Mt, 7 0 0°C. 3 0»(DM7- 
[0 0 3 3] 3I£8E£. M/^J7li:LrHbf^> 

Jta-r* (0i3) o ^{b^^^Mi 3 1*. sj^ttDc 

7^hP>X/^7^^-e, NSGI1 4(*. «IECV 

[0 0 3 4] 5iR*»*^/<*>^0)±ffl«ai 2 

fc^l/MOS h^>vX^CD{fe^CDffitfeH3ICllj^Z] > 

^^aicTBBPLfcSL IBISxg£froT. tf-vh 
*£1 5fc«fci;:?u— k«i e^MLti^itft 

I) (ID , 

[0 0 3 5] 0 1 5\z % **jfi»ffia>Kit*S4ffl^r 

"To ±3VEPWt*^t^t4S^at2P rt^1 

5uc/cm2^ jtttna«f«i«tt«^-rttR*(*^ 
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